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Objective. To study the role of the various components of alginate dental impression mate-
rials.
Methods.  Experimental materials were formulated and their physical properties character-
ized  and compared to commercially available counterparts (Neocolloid, Palgat Plus and
Blueprint  Cremix). Properties examined were: dimensional stability and weight change in
water and artiﬁcial saliva; setting behavior; Shore A hardness and tear energy. The role of
magnesium oxide was also investigated.
Results. Weight changes in water and artiﬁcial saliva can be attributed to an initial thermo-
dynamic  potential owing to the ionic content of the alginate, causing water to diffuse into
the material. Water is then driven back out following a reversal of this potential.
Hardness  results for experimental materials were within the range obtained from the
commercial  materials. The hardness value for an experimental formulation that did not
contain magnesium oxide was lower than values from the other experimental materials
that  did.
Tear energies for all three experimental materials were greater than those of the commer-
cial  products. There were statistically signiﬁcant differences between the two experimental
materials  that contained magnesium oxide and one that did not.
With  regard to setting time, statistically signiﬁcant differences were seen between com-
mercial  materials and two of the experimental materials. The experimental material thatdid not contain magnesium oxide had a considerably longer setting time than all of the
other  materials tested.
Signiﬁcance.  The key role of magnesium oxide in the setting reaction and the effect on
demo
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and  in measuring wound size in general surgery [6].hardness  have been 
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1.  IntroductionAlginate dental impression materials were introduced in 1940
[1].  Since then they have been used extensively in Dentistry
as  one of the group of so-called ‘elastic’ impression materials,
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with well documented advantages and disadvantages [2–4].
They  have also found application in ophthalmic surgery [5]
Open access under CC BY license.The  term ‘elastic’ however is something of a misnomer;
alginates are visco-elastic materials with rubber-like compli-
ance.  Marketed products must conform to ISO 1563:1990.
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Table 1 – Composition and mixing ratios for commercial alginate impression materials.
Neocolloid (Zhermack) Palgat Plus (3M ESPE) Blueprint Cremix (Dentsply)
Sodium pyrophosphate Trisodium phosphate Disodium orthophosphate
Zinc oxide Magnesium oxide Magnesium oxide
Diatomaceous earth Diatomaceous earth Inorganic ﬁller
Cristobalite Sodium alginate Potassium alginate
Potassium ﬂuorotitanate Dipotassium hexaﬂuorotitanate Potassium hexaﬂuorotitanate
Calcium sulfate Calcium sulfate dihydrate
Polypropylene glycol
Sodium aluminosilicate
Table 2 – Source of components for experimental materials.
Ingredient Supplier Function
Manugel®DJX ISP Alginates (UK) Ltd, Ayreshire, UK Soluble alginate
Crystacast plaster CFS Partnership, Cornwall, UK Cross-linking agent
Potassium ﬂuorotitanate Rose Chemicals Ltd, London, UK pH modiﬁer
Tetrasodium pyrophosphate Sigma–Aldrich Co. Ltd, Dorset, UK Sequestrant
Diatomaceous earth Sigma–Aldrich Co. Ltd, Dorset, UK Filler
Magnesium oxide Sigma–Aldrich Co. Ltd, Dorset, UK Cross-linking agent
Table 3 – Composition of experimental materials Ex1a, ExII and ExII F1.
Ingredient Ex1 ExII ExII F1
Manugel®DJX 14.00% 14.00% 14.00%
Crystacast plaster 9.00% 9.00% 9.00%
Potassium ﬂuorotitanate 0.42% 0.84% 0.84%
Tetrasodium pyrophosphate 3.00% 3.00% 3.00%
Diatomaceous earth 63.58% 73.16% 73.16%
Magnesium oxide 10.00% 10.00% –
a Formulation supplied by ISP Alginates (UK) Ltd.
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tSince their inception, there have been a number of publica-
ions on a range of properties [7–12]. However, understandably
hese have been almost exclusively on commercial prod-
cts. Cook [13] investigated the effect of some ingredients
n properties, by using commercial impression materials and
nalyzing them for components to explain the results of a
umber of physical tests. Morris [14] studied the chemical
tructure of alginate polymers. In order to investigate the role
f individual components in alginate impression materials
nd the effect on physical properties, formulations have to
e produced ab initio.
Disinfection of dental impressions is necessary to avoid
ross-infection consequent on the presence of micro-
rganisms from blood and saliva on the impression surface
15–17]. Micro-organisms have also been recovered from stone
asts made from contaminated impressions [18]. Spray and
mmersion disinfectants are widely used to disinfect algi-
ate impressions. However, these processes are likely to cause
imensional changes or adversely affect surface quality [19].
learly the availability of a self-disinfecting alginate would be
 distinct advantage.
In this contribution, experimental alginate formulationsave been prepared using sodium alginate and individual
omponents varied to determine the consequent effects on
etting time, dimensional stability, Shore A hardness and
ear strength. The role of magnesium oxide in alginateformulations has also been examined. Commercial materials
have been used for comparison.
2.  Materials  and  methods
2.1.  Materials
The commercial materials used were: Neocolloid, Zhermack;
Palgat Plus, 3M ESPE (both sodium alginates) and Blueprint
Cremix, Dentsply DeTrey (potassium alginate). Approximate
compositions are given in Table 1. Each material was mixed
according to the manufacturer’s instructions. Neocolloid was
the only commercial material used for experiments on dimen-
sional and weight changes after setting. For all other tests, all
three materials were used.
Three experimental materials were developed and tested.
The formulations and source of constituents for the exper-
imental materials are given in Tables 2 and 3. ExI is the
formulation recommended by the alginate manufacturer ISP
Alginates (UK) Ltd. ExII was formulated with an increased
sodium pyrophosphate content to investigate the effect on
setting time. It should be noted that the formulations contain
magnesium oxide (MgO); not shown in most dental material
textbooks [2–4]. Its role will be demonstrated subsequently.
A third experimental material (ExII F1) was formulated
l s 2 
where  is the tearing energy (J/m2), F the force (N), and t the
thickness (m).
Eq. (2) ignores energy expended to extend and stretch the
‘legs’.758  d e n t a l m a t e r i a 
without MgO.  All three materials were used for all tests, except
the dimensional and weight changes, where ExII F1 was not
tested.
2.2. Methods
2.2.1.  Sample  preparation
For commercial materials, the equivalent to one level scoop
of powder and one measure of water were mixed in a rubber
bowl. For all experimental materials, 10 g powder was mixed
with 23 ml  water for 45 s. In all cases, the water temperature
was 23 ◦C. Wax molds were used to make rectangular samples
measuring 10 mm × 60 mm that were either 1.5 mm or 3 mm
thick. In all cases, one mix  was used to make one sample only.
To make a sample, a wax mold was placed onto a glass plate,
and the rectangular cavity of the wax was ﬁlled with the mixed
alginate then covered with a glass slide. Once the material had
set, the glass slide was removed and the alginate sample was
carefully cut out of the mold using a scalpel. Similar proce-
dures were used to make specimens for hardness and tear
testing.
2.2.2.  Measuring  dimensional  changes
A Chesterman traveling microscope was used to measure
dimensional changes in water and artiﬁcial saliva (Orthana,
A.S. Pharma Ltd, UK). Corresponding studies in air are
described elsewhere [20].
Immediately after preparation, the sample was placed in a
polytetraﬂuoroethylene (PTFE) trough and secured at one end
on a ﬁxed pin. A movable pin was inserted into the other end of
the sample. The distance (±0.0001 cm)  between the ﬁxed pin
and the sample edge closest to the movable pin was measured
at the following intervals during an 8 h period:
• every 5 min  for the ﬁrst hour;
• every 15 min  for the second hour;
• every 30 min  for the remaining 6 h.
Five samples of each material (Neocolloid, ExI and ExII)
were tested.
2.2.3.  Determination  of  setting  behavior
An oscillating rheometer was used to determine setting times.
The rheometer was a modiﬁcation of the instrument ﬁrst
described by Bovis et al. [21]. This instrument subjects the
specimen to an oscillating stress of constant amplitude and
frequency and measures the resulting oscillating strain proﬁle.
The well known ‘wine glass’ proﬁle is obtained as the material
sets.
Before starting the experiment, the incubator was set to
37 ◦C and allowed to stabilize. A ﬂask of ice water connected
to the chart recorder by a copper-constantan wire was used as
a 0 ◦C reference point. The chart speed was set at 5 mm/min
and the rheometer left to oscillate for 2 min  prior to testing
the sample, to record the original trace length.
Each commercial alginate was mixed according to the
manufacturer’s instructions (experimental materials mixed as
speciﬁed previously), using tap water at 23 ◦C. Recording of the
oscillations began simultaneously with the time of mixing, to
give a true indication of setting time. The mixed alginate was8 ( 2 0 1 2 ) 756–762
then loaded onto the bottom plate of rheometer, ensuring that
the 1.1 mm gap was ﬁlled. The top plate was then placed back
onto the rheometer and fastened with two bolts. The experi-
ment was terminated after sufﬁcient time had elapsed for the
material to set completely. The same procedure was adopted
for the experimental materials and ﬁve samples of each mate-
rial were tested. Setting time was deﬁned as the length of time
taken for a 40% reduction in chart width.
2.2.4.  Shore  A  hardness
A Congenix Wallace Shore A hardness durometer (Wallace
Instruments, UK) was used to determine hardness in accor-
dance with the method speciﬁed by the American Society for
Testing Materials (ASTM) [22], over a period of 15 min. A load
of 10 N was applied to test specimens.
The sample preparation was essentially that given previ-
ously, except that quantities were doubled in order to give
sheets of 100 mm × 80 mm × 2 mm.  On setting, samples were
removed from the mold and cut into three equal strips of
100 mm × 25 mm × 2 mm.  For testing, three strips were placed
on top of each other to give the required sample thickness of
6 mm.  Six readings were taken for each sample at each time
point and the mean was used as the reading. Three samples
of each material were tested.
Gent [23] has shown that the following relationship exists
between Shore hardness and Young’s modulus (E) (also
referred to as modulus of elasticity), a measure of stiffness:
E (MPa) = 0.0981(56.7 − 7.66 s)
0.1375(254 − 2.54 s) (1)
2.2.5.  Tear  strength  measurement
Tear testing was carried out at room temperature using a 5567
model testing machine by Instron (UK). Sheets of alginate
materials were prepared as described above and specimens
of 75 mm × 25 mm × 2 mm were cut out using a scalpel. An
incision measuring 50 mm was made down the middle of spec-
imen to make a ‘trouser test’ piece [10,11,24,25]. The sample
was held in place with clamps and extended at a constant rate
of 100 mm/min  using a 5 N load cell. Seven samples of each
material were tested and the tear energy ( ) calculated from:
 = 2F
t
(2)2.3.  Statistical  analysis
Statistical analysis of the results was carried out using the
Mann–Whitney U test.
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Fig. 1 – Weight changes in water for Neocolloid and
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Fig. 3 – Dimensional changes in water for Neocolloid and
xperimental materials ExI and ExII (n = 5).
.  Results
.1.  Weight  changes  in  water
eight changes in water are shown in Fig. 1 for Neocolloid
nd experimental materials ExI and ExII. Corresponding data
s shown in Fig. 2 for artiﬁcial saliva. Although there is consid-
rable scatter (error bars omitted for clarity), the trend is the
ame for all materials; an initial uptake followed by a decrease
n weight, with the samples ﬁnally equilibrating with a slight
eight loss.
.2.  Dimensional  changes  in  water  and  artiﬁcial  saliva
he dimensional changes in water for experimental materi-
ls ExI and ExII and Neocolloid are shown in Fig. 3. Similar
hanges are plotted for artiﬁcial saliva in Fig. 4. The results
roadly follow the changes seen in the weight measurements;
n initial expansion, then shrinkage, ﬁnally equilibrating with
 net shrinkage.
.3.  Statistical  analysis  of  dimensional  and  weight
hangeshe Mann–Whitney U test was used to analyze the results and
he following observations were made.
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ig. 2 – Weight changes in artiﬁcial saliva for Neocolloid
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3.4.  Effect  of  sample  thickness
With regard to dimensional stability in water and artiﬁcial
saliva, the differences seen between sample thicknesses are
not statistically signiﬁcant. The same also applies for weight
changes.
3.5.  Comparison  of  commercial  and  experimental
materials
When Neocolloid is compared to ExI, there are signiﬁcant
differences with regard to both the dimensional and weight
changes seen. The same applies for ExII with the exception of
the dimensional changes in water.
3.6.  Rheometry
Table 4 shows the setting time for the three commercial mate-
rials and experimental materials ExI, ExII and ExII F1 (MgO
omitted). The value for Neocolloid is in reasonable agreement
with the manufacturer’s quoted value of 3 min  30 s. Setting
times for ExI, ExII and ExII F1 increased respectively.
3.7.  Statistical  analysis  of  differences  in  setting  timeThe Mann–Whitney U test was used to assess the differences
in setting times. Differences between Neocolloid and ExI were
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Fig. 4 – Dimensional changes in artiﬁcial saliva for
Neocolloid and experimental materials ExI and ExII (n = 5).
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Table 4 – Setting times of Neocolloid, Palgat Plus, Blueprint Cremix and experimental materials ExI, ExII and ExII F1 at
37 ◦C (n = 5).
Material Setting time (s) Ave (s) (SD) Ave
Neocolloid 192 216 216 192 204 204 (12) 3 min 24 s
Palgat Plus 204 132 120 180 168 161 (35) 2 min 41 s
Blueprint Cremix 108 108 96 96 96 101 (7) 1 min 41 s
ExI 192 192 204 204 240 206 (20) 3 min 26 s
ExII 228 228 240 240 264 240 (15) 4 min
ExII F1 360 336 396 432 288 362 (55) 6 min 2 s
Table 5 – Young’s modulus on setting (t = 0) calculated from Shore A hardness values (n = 3).
Material Mean Shore A hardness (SD) Young’s modulus,
E (MPa)
0 min  5 min  10 min  15 min
Neocolloid 19.3 (0.9) 21.0 (0.9) 22.3 (1.0) 24.4 (2.0) 0.71
Palgat Plus 23.9 (0.4) 25.6 (0.9) 27.6 (0.6) 29.8 (1.3) 0.89
Blueprint Cremix 20.1 (3.5) 18.2 (2.1) 19.8 (3.1) 20.5 (2.7) 0.74
ExI 28.0 (4.6) 36.0 (2.9) 
ExII 31.6 (2.5) 35.0 (1.7) 
ExII F1 21.1 (0.8) 23.0 (0.8) 
Table 6 – Tear energies of Neocolloid, Palgat Plus and
experimental materials ExI, ExII and ExII F1 (n = 7).
Material Mean force (N) (SD) Tear energy
(J/m2)
Neocolloid 0.303 (0.09) 303
Palgat Plus 0.323 (0.08) 323
ExI 0.392 (0.05) 392
For a cross-linked polymer, an additional term is addedExII 0.403 (0.03) 403
ExII F1 0.321 (0.04) 321
not statistically signiﬁcant. The increased setting times of
ExII and ExII F1 were statistically signiﬁcant when compared
to Neocolloid. When the experimental materials were com-
pared to each other, the differences between ExI and ExII were
not statistically signiﬁcant but the differences between these
materials and ExII F1, were.
3.8.  Shore  A  hardness
Table 5 lists Shore A hardness values and corresponding values
for Young’s modulus as a function of time. The hardest of all
ﬁve materials tested were ExI and ExII. All materials got harder
with time and reproducibility of results was good, as shown
by the standard deviation.
3.9.  Tear  strength
Tearing energies derived from tear strength measurements
are summarized in Table 6. Blueprint Cremix is not included as
its tear strength was much less than that of the other materials
and below the range of available load cells.
3.10.  Statistical  analysis  of  tear  energies
Tear energies were compared using the Mann–Whitney U test.
There are no statistically signiﬁcant differences between Neo-
colloid and the three experimental materials. However when
the experimental materials are compared, the tear energies36.5 (5.0) 38.6 (3.5) 1.06
37.7 (1.7) 38.2 (1.7) 1.23
23.6 (0.6) 24.5 (0.5) 0.78
for both ExI and ExII are signiﬁcantly higher than those for
ExII F1.
4. Discussion
4.1. Weight  changes
Although there is considerable scatter (Fig. 1), making com-
parisons of individual materials difﬁcult, there is a clear trend
whereby there is an initial weight increase to a maximum,
then a steady decrease until a quasi-equilibrium is reached,
with a net decrease in weight. The suggested reason for this is
as follows. The set alginate contains various ions, for example
Na+ and SO42−. Therefore immersing the alginate in water cre-
ates an osmotic potential and water is absorbed. However, the
set alginate is not a semi-permeable membrane in the strict
sense of the word and ions will diffuse out due to the con-
centration gradient between the solution in the alginate and
the external water. This causes a decrease in osmotic potential
and a reversal of the thermodynamic potential for water diffu-
sion into the alginate, so water diffuses out again. The driving
force for water loss has been attributed to the loss of entropy
when the material cross-links. The general theory of inter-
action between liquids and polymers [26,27] is based on the
following structure of the equation for the chemical potential
change on mixing a polymer and liquid:
 RT
[
Smix +
H
T
]
(3)
where  is the chemical potential, R is the universal gas
constant, T is the temperature (K), S is entropy and H is
enthalpy (total energy of the system). In the unset material,
Smix is negative. Sodium alginate will dissolve in water until
S = H/T.to the above equation to express the reduction of entropy
consequent on cross-linking: Scl. With the onset of cross-
linking, this latter term progressively offsets Smix, until 
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nally becomes positive and the system is unstable, resulting
n the expulsion of water. A ﬁnal equilibrium is approached
orresponding to a net decrease in the water content of the
riginal material.
The above also applies when the external liquid is artiﬁcial
aliva (Fig. 2), an aqueous solution. However on immersion of
he set alginate, a further factor is present, namely the differ-
nce is osmolarity of the water in the alginate and the artiﬁcial
aliva. An osmotic potential will be set up between them in
he direction of the artiﬁcial saliva, creating a further driving
orce for water diffusion out of the material. Hence, the ulti-
ate negative change in weight is greater than that seen in
ater. The lower initial expansion measured in these samples
an be attributed to a lower net osmotic pressure between the
lginate and surrounding aqueous solution.
.2.  Dimensional  changes
n general, these mirror the changes in weight referred to
reviously. The behavior reported here may have some rele-
ance to the immersion of alginate impressions in disinfecting
olutions, where the recommended time of immersion seems
rbitrary.
.3. Rheometry
able 4 shows Blueprint Cremix to be much faster setting
han the other materials; presumably reﬂecting the balance
f cross-linking agents and retarders. Experimental material
xII had a longer setting time than ExI, corresponding to
n increase in the tetrasodium pyrophosphate concentration.
ore  importantly, the omission of MgO  in ExII F1 resulted in
 marked increase in setting time, indicating that MgO is a
ross-linking agent in addition to CaSO4.
.4. Shore  A  hardness
here seem to be very few publications on the resistance of
et alginates to deformation, with little or no reference to
oung’s modulus. This may be due to difﬁculties in obtain-
ng stress–strain data, owing to the relatively poor strength of
lginates.
Eq. (1) has been used to calculate Young’s modulus values
rom the current Shore hardness data (Table 5).
.5. Tear  strength
he tearing energy of ExI and ExII is comparable to, possibly
lightly higher than in some cases, the commercial materi-
ls. The value for ExII F1 (321 J/m2) is lower than that for ExII
403 J/m2), possibly reﬂecting the lower degree of cross-linking
dentiﬁed in the hardness measurements, as a consequence
f omitting MgO.
.6. The  role  of  magnesium  oxidehe omission of MgO  from ExII F1 resulted in a material with
 lower tear strength and hardness, and a longer setting time,
hus indicating its very important role.( 2 0 1 2 ) 756–762 761
MgO is very sparingly soluble in water [28] but presumably
hydrolyzes:
MgO  + H2O → Mg(OH)2 (4)
During the course of setting, the potassium ﬂuorotitanate
(K2TiF6) component will also hydrolyze, analogous to Na2SiF6
as described in another study [7]:
K2TiF6 + 2H2O → 2KF + TiO2 + 4HF (5)
Hence the production of Mg(OH)2 and HF will lead to the
subsequent formation of magnesium ﬂuoride (MgF2):
Mg(OH)2 + 2HF = MgF2 + 2H2O (6)
MgF2 will ionize to Mg2+ ions, which will contribute to the
cross-linking process along with Ca2+ ions derived from the
calcium sulfate (CaSO4) in the formulation. The role of MgO  as
a cross-linking agent has also been demonstrated previously,
in the discussion of setting time, hardness and tear strength
values.
5.  Conclusion
Preparation and testing of experimental alginates formulated
ab initio obtained results generally consistent with correspond-
ing commercial materials.
A study of the weight changes of alginate in both water and
artiﬁcial saliva demonstrated that weight increased initially,
passed through a maximum and then decreased, reaching a
quasi-equilibrium representing a net weight loss. This was
exhibited by all materials, both experimental and commer-
cial. The reasons for this characteristic proﬁle reﬂect an initial
osmotically driven process, as a consequence of the ions
present in the alginate. This is followed by diffusion of such
ions out into the external liquid, then a weight loss caused
by water diffusing out of the alginate, owing to the reversed
thermodynamic potential.
The importance of MgO with regard to setting, strength and
hardness was demonstrated. In particular, the role of MgO  as
a cross-linking agent was established.
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